calcoaceticus is an allosteric enzyme exhibiting negative co-operativity towards the coenzyme and ADP.
Purification and Properties of an
Members of the /?-lactamase family of enzymes (EC 3.5.2.6) catalyse the hydrolysis of the /?-lactam bond of penicillins and cephalosporins. An inducible cell-bound /?-lactamase of Pseudomonas aeruginosa N.C.T.C. 8203 was described by Jag0 et al. (1963) , Sabath & Abraham (1964) and Sabath et al. (1965) . They found that high concentrations of inducer were required for its production, that it hydrolysed cephalosporins at a much greater rate than penicillins but showed a higher affinity for the latter and that it was strongly inhibited by methicillin and cloxacillin. This /?-lactamase has now been purified and some of its physical and chemical properties have been determined.
Ps. aeruginosa N.C.T.C. 8203 was grown in shake flasks in CCY medium (Gladstone & Fildes, 1940) . Addition of 6-aminopenicillanic acid as an inducer to a final concentration of 1 mg/ml (Garber & Friedman, 1970) to cultures in mid to late exponential phase (12 x lo9 bacteria/ml of growth medium) gives high enzyme production after 2 h with minimum lysis of the organism. The amount of cell-bound /?-lactamase formed corresponds to 1 % of total cell protein. The enzyme is released from the cells by freezing and thawing. After removal of cellular material by centrifugation (16000g for 1 h), the enzyme is purified in two chromatographic steps (Table l) , to give an electrophoretically homogeneous preparation. In this way 2C25mg of pure 8-lactamase can be isolated from 1 litre of culture. The molecular weight of the j3-lactamase is 42000~1000, as determined by sodium dodecyl sulphate-polyacrylamide-gel electrophoresis and chromatography on Sephadex G-100. This value is higher than that for most j3-lactamases, although an R-factormediated enzyme from Escherichia coli R-1818 has been reported to have a molecular weight of 44100 (Dale, 1971) . The inducible enzyme also resembles the E. coli R-1818 p-lactamase in its very sharp pH-activity profile, with maximum activity at pH8.0. The enzyme is stable within wide limits of pH(4-10) at 4" and 27"C, but is temperature-labile above 40°C. The amino acid composition has been determined ( Table 2) . One mol of cysteine is found/mol of enzyme. This has been shown by the use of Ellman's reagent to be inaccessible in the native protein but to react readily in the protein denatured with 6~~guanidinium chloride. Other properties of the p-lactamase are: pI7.5; E 6.95 x l O 4~-l .cm-' at 280nm; E!& 16.5 at 2801x11; catalytic-centre activity 1.96 x lo4 molecuIes/min (cephalosporin C substrate, pH8, 30°C).
A substrate profile for the inducible P-lactamase has been described previously (Sabath et al., 1965) . Some penicillins not available at that time have now been tested as substrates and inhibitors of the enzyme. NO binding is detected when the 6-substituent of benzylpenicillin @-configuration) is inverted to epibenzylpenicillin (a-configuration). 6/?-Amidinopenicillanic acid (Lund & Tybring, 1972 ) is hydrolysed relatively slowly (25 % of benzylpenicillin). Carbenicillin, an cc-carboxybenzylpenicillin is a strong competitive inhibitor of the inducible p-lactamase (Ki 4xlO-'~). Inhibition of a range of 8-lactamases of Gram-negative bacteria including Ps. aeruginosa by this antibiotic has been described previously (Bobrowski & Borowski, 1971) .
Inactivation of some /?-lactamases in the presence of certain substrates or substrate analogues has been reported (Crompton et al., 1962; Gourevitch et al., 1962; Dyke, 1967; Zyk & Citri, 1967) . The rate of hydrolysis of cephalosporin 87/312 (O'Callaghan et al., 1971) by the inducible /?-lactamase falls off exponentially. Since there are two concomitant processes, substrate hydrolysis and enzyme inactivation, the phenomenon is best demonstrated at high substrate/enzyme concentration ratios. At very high substrate concentrations, complete inactivation of the enzyme occurs almost instantaneously. To test whether the substrate-induced inactivation is reversible, the experiment was repeated on a larger scale by dialysing a concentrated solution of p-lactamase against successive fresh solutions of substrate. An enzyme preparation was obtained that had lost 95 % of its activity, and no activity was recovered after chromatography on Sephadex G-25 to remove small molecules. Therefore under these conditions the inactivation appears irreversible.
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